Introduction
============

Colorectal cancer (CRC) is the third most common malignancy worldwide, and rectal cancer accounts for 30.7% of all cases of CRC. There will be an estimated 43,030 newly diagnosed cases of rectal cancer in the USA during 2018.[@b1-cmar-11-191] Neoadjuvant radiotherapy (nRT) and chemoradiotherapy are the standard treatments for locally advanced rectal cancer (LARC).[@b2-cmar-11-191] However, it remains difficult to predict the short-term efficacy and long-term outcomes following nRT, and this information might help to assist in decisions about subsequent treatment. Therefore, an important clinical priority is the identification of LARC patients who have the greatest risk of poor therapeutic response and poor prognosis.

The cancer-related inflammatory response impacts the development, progression, and clinical outcomes of patients with many different cancers, including CRC, prostate cancer, bladder cancer, and other cancers.[@b3-cmar-11-191]--[@b7-cmar-11-191] Previous research reported that an increased neutrophil-to-lymphocyte ratio (NLR), a biomarker for systemic inflammation, was associated with poor outcomes and reduced survival in patients with non-metastatic CRC.[@b8-cmar-11-191],[@b9-cmar-11-191] Another research indicated that the NLR is an independent prognostic indicator of response to chemotherapy in patients with locally advanced CRC.[@b10-cmar-11-191] However, the clinical value of NLR in predicting resistance to radiotherapy (RT) and outcomes in patients with LARC is uncertain.

A high level of tumor-infiltrating lymphocytes, especially high CD8+ cytotoxic T-lymphocytes, promotes an antitumor immune response and is associated with favorable outcomes in cancer patients.[@b11-cmar-11-191]--[@b13-cmar-11-191] Additionally, the presence of CD8+ T-cells within cancer cell nests is associated with more favorable prognosis in patients with CRC.[@b14-cmar-11-191] Previous research indicated that the peripheral lymphocyte level was associated with response to neoadjuvant treatment in patients with rectal cancer,[@b15-cmar-11-191],[@b16-cmar-11-191] esophageal cancer,[@b17-cmar-11-191] and breast cancer.[@b18-cmar-11-191],[@b19-cmar-11-191] Nevertheless, the implications of CD8+ T-cell infiltration into tumors after nRT remain unknown. In addition, little is known about whether the combined use of two inflammation markers (one for systemic inflammation and the other one for local inflammation) has better prognostic value in predicting treatment response and survival.

As far as we know, no previous research has examined the combined use of markers of systemic and local inflammation to predict the clinical outcomes of patients with LARC. Thus, we examined the characteristics of cancer-associated markers of systemic and local inflammation and their association with pathological response and survival in patients with LARC who received nRT.

Patients and methods
====================

Patient selection
-----------------

Tumor tissue samples were examined retrospectively from 80 consecutive LARC patients who received nRT followed by surgery at our institute from February 2012 to September 2015. The inclusion criteria were pathological confirmation of rectal adenocarcinoma with a clinical diagnosis of T3/4 and/or N+ stage disease, according to the eighth edition of the American Joint Committee on Cancer. All demographic characteristics and laboratory results were recorded. The exclusion criteria were diagnosis with more than one malignancy or Karnofsky performance score \<70. In addition, four tissue samples were in poor condition, so these patients were excluded. A total of 76 patients were finally enrolled. This study was approved by the Ethics Committee of Fujian Cancer Hospital, Fuzhou, China (No. KT2018-009-01). The need for individual consent was waived by the ethics committee because patient medical records and tumor specimens were analyzed retrospectively, and no patient-identifiable information was utilized.

Treatments
----------

The RT regimens, consisting of long-course RT (LCRT; 50 Gy in 25 fractions) or short-course RT (25 Gy in 5 fractions), were delivered by intensity-modulated radiation therapy or a conventional two-dimensional technique. The primary tumor and the anorectal, mesorectal, presacral, and internal iliac lymph nodes were part of the clinical target volume for intensity-modulated radiation therapy. Additionally, radiation was delivered to the primary tumor and all nodes that were at risk in the whole pelvic region (prior to the periphery of the sacrum and inferior to the symphysis pubis in the two-dimensional conventional RT). 5-Fluorouracil-based chemotherapy was administered routinely with LCRT. Radical surgery was performed 6--8 weeks after LCRT or 1 week after short-course RT by experienced colorectal surgeons.

Marker of systemic inflammation
-------------------------------

The NLR was the primary measure for systemic inflammation. The NLR was available from routine peripheral venous blood samples that were collected within 3 days before nRT, at which time white blood cells, neutrophils, and lymphocyte counts were determined. Blood cell counts were analyzed with an XE-2100 Hematology System (Sysmex Corporation, Kobe, Japan) using whole blood samples collected in EDTA tubes (Changgeng Medical Equipment Co. Ltd, Fuzhou, China).

Marker of local inflammation
----------------------------

The CD8+ T-cell count was the primary measure of local inflammation. These data were obtained from surgical specimens. All paraffin-embedded specimen blocks were sliced into 4 µm sections, xylene was used for deparaffinization, and the sections were then rehydrated by an alcohol gradient. The sections were then rinsed in 0.05% PBS and blocked with hydrogen peroxidase at room temperature. Before immunohistochemistry, heat retrieval with a sodium citrate buffer and EDTA repair were performed. The samples were incubated with the monoclonal anti-CD8 antibody (ab4055, 1:200; Abcam, Southampton, UK) at room temperature for 15 minutes, washed, and then incubated with the secondary antibody for 10 minutes, followed by color development with 3,3′-diaminobenzidine at room temperature in darkness for 10 minutes. All sections were counterstained with hematoxylin. Three random fields, each within the area where the tumor cells were most strongly stained, were chosen from each section for determination of the CD8+ T-cell count. The average count of these three fields was considered the number of CD8+ T-cells per field. The proportion of CD8+ T-cells in all the lymphocytes within the tumor was defined as the density of CD8+ T-cells.

Tumor regression grading (TRG)
------------------------------

The surgical specimens after nRT were independently evaluated by two pathologists using H&E staining. TRG was determined using the five-tiered Mandard system (fibrosis/tumor relation): TRG 1: no residual cancer cells; TRG 2: rare residual cancer cells; TRG 3: dominant fibrosis outgrowing a few residual cancer cells; TRG 4: residual cancer outgrowing fibrosis; and TRG 5: no regressive changes.[@b20-cmar-11-191]

Statistical analyses
--------------------

The end point of the exploratory analysis was time of overall survival (OS), defined as the time from surgical resection to death. The optimal cutoff values for the NLR and CD8+ T-cell count were determined using the Cutoff Finder (<http://molpath.charite.de/cutoff>), in which the significance of correlation with a survival variable was determined by fitting Cox proportional hazard models to the dichotomized variable and the survival variable.[@b21-cmar-11-191] Then, bivariate logistic regression was used to evaluate possible predictors of the NLR and CD8+ T-cell count. A chi-squared test was used to assess the associations between these biomarkers and tumor regression after nRT. Kaplan--Meier method was used to analyze survival, and the log-rank test was used for comparisons of survival curves. Cox regression was performed to identify factors significantly associated with OS. A *P*-value \<0.05 was considered significant. All analyses were conducted using SPSS version 22.0 (IBM Corporation, Armonk, NY, USA).

Results
=======

Patient characteristics
-----------------------

We enrolled 76 consecutive patients with LARC who received treatment at our institution (Fujian Cancer Hospital, Fuzhou, China) from February 2012 to September 2015 ([Table 1](#t1-cmar-11-191){ref-type="table"}). Most patients were younger than 60 years (73.7%) and were male (64.5%), and 49 tumors (64.5%) were in lower rectum (within 5 cm of the anal verge). A total of 45 patients (59.2%) had T2/3 cancer, 31 patients (40.8%) had stage T4 cancer, and 48 patients (63.2%) had lymph node involvement. Fifteen patients (19.7%) had lymphovascular invasion, 14 patients (18.4%) had neural invasion, and 16 patients (21.1%) had tumor nodules.

Cutoff values for NLR and CD8+ T-cell count
-------------------------------------------

The Cutoff Finder software identified an optimal NLR cutoff value of 2.0 for our patients. Thus, 35 patients (46.1%) had NLR values below 2.0 and 41 patients (53.9%) had NLR values of 2 or more. This software also indicated the optimal CD8+ T-cell cutoff value was 9%. Thus, 31 patients (40.8%) had low CD8+ T-cell counts (\<9%) and 45 patients (59.2%) had high CD8+ T-cell counts (≥9%), as shown in [Figure 1](#f1-cmar-11-191){ref-type="fig"}.

[Table 2](#t2-cmar-11-191){ref-type="table"} shows the characteristics of the 76 LARC patients categorized by these NLR and CD8+ T-cell count cutoff values. Bivariate logistic analysis indicated that a high NLR was significantly associated with lymphovascular invasion (*P*=0.014) and stage T4 cancer (*P*=0.047), but none of the other examined characteristics. Additionally, a low CD8+ T-cell count was significantly associated with mucinous adenocarcinoma (*P*=0.005) and stage T4 cancer (*P*=0.049), but none of the other examined characteristics.

Association of NLR and CD8+ T-cell count with outcomes
------------------------------------------------------

Seven patients (9.2%) had TRG 1, 22 patients (28.9%) had TRG 2, 16 patients (21.1%) had TRG 3, 27 patients (35.5%) had TRG 4, and 4 patients (5.3%) had TRG 5. Based on these data, we classified the patients as having complete (TRG 1) or incomplete (TRG 2--5) tumor regression. We then analyzed the relationship of each inflammation marker with pathological complete response using a chi-squared test. The results show that an NLR \<2.0 prior to nRT was associated with pathologic complete regression (pCR; *P*=0.039), but there was no such association of CD8+ T-cell count with pCR (*P*=0.396).

Kaplan--Meier analysis ([Figure 2](#f2-cmar-11-191){ref-type="fig"}) indicated that patients with a high NLR and a low CD8+ T-cell count had the shortest survival, and patients with a low NLR and a high CD8+ T-cell count had the longest survival (*P*=0.005; [Figure 2](#f2-cmar-11-191){ref-type="fig"}).

[Table 3](#t3-cmar-11-191){ref-type="table"} shows the results of our univariate and multivariate analyses. Univariate analysis indicated that a low NLR (HR =5.039, 95% CI =1.125--22.573, *P*=0.035) and a high CD8+ T-cell count (HR =0.322, 95% CI =0.106--0.977, *P*=0.045) were significantly associated with longer OS. These relationships were also significant in multivariate analysis (NLR: HR =7.707, 95% CI =1.300--45.709, *P*=0.025; CD8+ T-cell count: HR =0.088, 95% CI =0.012--0.665, *P*=0.018). Univariate analysis also indicated that age, lymphovascular invasion, mucinous adenocarcinoma, and cancer T stage were significantly associated with OS (*P*\<0.05). Multivariate analysis indicated that age (HR =16.130, 95% CI =1.557--167.151, *P*=0.020), lymphovascular invasion (HR =7.166, 95% CI =1.115--46.047, *P*=0.038), and cancer T stage (HR =0.029, 95% CI =0.002--0.449, *P*=0.011) were independently associated with OS.

Discussion
==========

To the best of knowledge, this is the first study to evaluate the association of markers of systemic inflammation (NLR) and local inflammation (CD8+ T-cell count), individually and in combination, with the OS of patients with LARC. We found that a lower NLR (\<2.0) before nRT was associated with increased tumor regression following nRT. Additionally, a high NLR and a low CD8+ T-cell count were each significantly associated with poor survival. These measures of systemic and local inflammation are easily determined in clinical practice and are promising prognostic indicators for patients with LARC.

Recent studies indicated that several inflammation-based factors were associated with the aggressiveness of several types of tumors. For example, Deng et al[@b22-cmar-11-191] studied patients with gastric cancer and found that the NLR was significantly associated with the depth of invasion, tumor stage, and lymph node metastasis (*P*\<0.05 for all comparisons). Consistent with previous studies, we found that LARC patients with an NLR of 2.0 or more were more likely to have higher T stage (*P*=0.047) and lymphovascular invasion (*P*=0.014). Moreover, a study of patients with breast cancer indicated that a lower CD8+ T-cell count was significantly associated with higher TNM stage (*P*=0.013), lymph node involvement (*P*=0.027), and immunopositivity of Ki-67 (a marker of proliferation; *P*=0.026).[@b23-cmar-11-191] Similarly, we found that LARC patients with CD8+ T-cell counts \<9% after nRT were more likely to have a higher T stage (*P*=0.049) and mucinous adenocarcinoma (*P*=0.005).

Increasing evidence suggests that tumor-associated inflammation might affect the induction of chemoradiation resistance of many cancers. In particular, several studies that investigated the associations between systemic inflammation and tumor chemosensitivity found that a decreased NLR was related to a better response to nCT.[@b6-cmar-11-191],[@b24-cmar-11-191],[@b25-cmar-11-191] Additionally, greater intratumoral lymphocytic infiltration was associated with a better response to nCT or nRT.[@b26-cmar-11-191] Xiao et al[@b27-cmar-11-191] studied patients with rectal cancer and found a significant correlation of pCR with a low NLR in pretreatment circulating blood (*P*=0.043), but not with CD8+ T-cell count in biopsy samples (*P*=0.100). In accordance with these results, we found that a low NLR (\<2.0) was associated with favorable tumor regression after nRT (*P*=0.039), but there was no significant association between CD8+ T-cell count and tumor regression in surgical specimens. Previous research indicated that nRT and nCT can cause immunogenic tumor cell death and induce a T-cell reaction, thereby enhancing systemic antitumor immune effects.[@b28-cmar-11-191] A study of rectal cancer patients indicated that the CD8+ T-cell counts of surgical specimens collected after neoadjuvant treatment were significantly higher than those from biopsy specimens.[@b29-cmar-11-191] These findings motivated our investigation of the relationship between CD8+ T-cell counts in biopsy samples before nRT and tumor regression after neoadjuvant treatment.

Previous studies have verified the prognostic significance of inflammation-based biomarkers in cancer patients. For example, a large study found that the NLR was independently associated with outcome in patients with solid tumors (HR =1.58, 95% CI =1.34--1.86).[@b24-cmar-11-191] Chua et al[@b10-cmar-11-191] demonstrated that a lower NLR was associated with longer survival of patients with advanced CRC (*P*=0.009). Another study of patients with nonmetastatic CRC indicated that an NLR of 3.0 or more was independently associated with worse OS (HR =1.64, 95% CI =1.40--1.91).[@b8-cmar-11-191] A study of patients with CRC indicated that infiltration of cancer cell nests by CD8+ T-cells was a reliable biomarker of longer survival (HR =0.605, 95% CI =0.41--0.89, *P*=0.0011).[@b14-cmar-11-191] In accordance with these earlier studies, we found that an NLR of 2.0 or more and CD8+ T-cell count \<9% were potential predictors of poor survival rate for patients with LARC. Moreover, our multivariate analysis, which adjusted for sex, age, lymphovascular invasion, neural invasion, mucinous adenocarcinoma, T stage, and N stage, also indicated that NLR (HR =7.71, 95% CI =1.30--45.71, *P*=0.025) and CD8+ T-cell count (HR =0.09, 95% CI =0.01--0.67, *P*=0.018) were significantly and independently associated with OS.

We do not yet know why a high NLR and a low CD8+ T-cell count are associated with worse outcomes in patients with LARC. An increased NLR can be due to a high neutrophil count or a low lymphocyte count.[@b30-cmar-11-191] Neutrophils can produce several cytokines, such as vascular endothelial growth factor and TGF-beta, after recognition and interaction with tumor cells, and this might promote cancer cell proliferation, infiltration, and metastasis.[@b24-cmar-11-191] On the other hand, tumor-infiltrating lymphocytes, particularly CD8+ T-cells, are considered the hallmark of the local immune response against cancer cell growth.[@b14-cmar-11-191] Antitumor CD8+ T-cells can infiltrate tumors after RT, and a high dose of radiation can impact the immunosuppressive microenvironment of the tumor.[@b31-cmar-11-191] Intratumoral CD8+ T-cells can release cytotoxic molecules and cytokines that specifically recognize and kill cancer cells via the major histocompatibility complex class I molecule.[@b32-cmar-11-191]

There were some limitations of this study. First, it had a retrospective design, only examined the records of 76 patients, and did not include patients who did not receive nRT. Second, the CD8+ T-cell count before treatment was unavailable due to the limits of biopsy samples. A future study with a larger sample size is warranted to verify our conclusions.

Conclusion
==========

The NLR and the CD8+ T-cell count are simple and readily available laboratory variables that have potential use in guiding treatment decisions and prediction of prognosis in patients with LARC. A high NLR had a negative impact on tumor radiosensitivity of patients with LARC. In addition, the combined presence of a high NLR and a low CD8+ T-cell count was significantly associated with poor survival. A future study with a larger sample size is warranted to confirm the combined use of these two biomarkers for prediction of prognosis in patients with LARC.
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![Optimization of marker cutoffs in patients with LARC (n=76): Kaplan--Meier curves of OS for patients with low vs high NLR (**A**) and with low vs high CD8+ T-cell count (**C**). Waterfall plots showing distributions of the NLR (**B**) and CD8+ T-cell count (**D**) among all patients, used for optimal dichotomization by Cutoff Finder software.\
**Notes:** The analysis was conducted by Cutoff Finder software.\
**Abbreviations:** LARC, locally advanced rectal cancer; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival.](cmar-11-191Fig1){#f1-cmar-11-191}

![Survival curves of patients with low NLR and high CD8+ T-cell count (n=19), low NLR and low CD8+ T-cell count (n=16), high NLR and high CD8+ T-cell count (n=26), and high NLR and low CD8+ T-cell count (n=15).\
**Note:** The analysis was conducted by Kaplan--Meier method.\
**Abbreviation:** NLR, neutrophil-to-lymphocyte ratio.](cmar-11-191Fig2){#f2-cmar-11-191}

###### 

Characteristics of 76 patients with locally advanced rectal cancer

  Characteristics                Data, n (%)
  ------------------------------ -------------
                                 
  NLR                            
   \<2.0                         35 (46.1)
   ≥2.0                          41 (53.9)
  CD8+ T-cell                    
   \<9                           31 (40.8)
   ≥9                            45 (59.2)
  Age (years)                    
   \<60                          56 (73.7)
   ≥60                           20 (26.3)
  Gender                         
   Male                          49 (64.5)
   Female                        27 (35.5)
  Distance to anal margin (cm)   
   \<5                           49 (64.5)
   ≥5                            27 (35.5)
  Lymphovascular invasion        
   Yes                           15 (19.7)
   No                            61 (80.3)
  Neural invasion                
   Yes                           14 (18.4)
   No                            62 (81.6)
  Tumor nodules                  
   Yes                           16 (21.1)
   No                            60 (78.9)
  Mucinous adenocarcinoma        
   Yes                           8 (10.5)
   No                            68 (89.5)
  T stage                        
   T2/3                          45 (59.2)
   T4                            31 (40.8)
  N stage                        
   N0                            28 (36.8)
   N1/2                          48 (63.2)
  TRG                            
   1                             7 (9.2)
   2                             22 (28.9)
   3                             16 (21.1)
   4                             27 (35.5)
   5                             4 (5.3)
  Radiotherapy                   
   Short course                  36 (47.4)
   Long course                   40 (52.6)

**Abbreviations:** NLR, neutrophil-to-lymphocyte ratio; TRG, tumor regression grade.

###### 

Clinicopathologic factors associated with NLR and CD8+ T-cells

  Characteristics                NLR prior to nRT   *P*-value   CD8+ T-cells after nRT (%)   *P*-value               
  ------------------------------ ------------------ ----------- ---------------------------- ----------- ----------- -------
                                                                                                                     
  Age (years)                                                   0.498                                                0.761
   \<60                          26 (34.2)          30 (39.5)                                22 (28.9)   34 (44.7)   
   ≥60                           9 (11.8)           11 (14.5)                                9 (11.8)    11 (14.5)   
  Gender                                                        0.099                                                0.350
   Male                          20 (26.3)          29 (38.2)                                19 (25.0)   30 (39.5)   
   Female                        15 (19.7)          12 (15.8)                                12 (15.8)   15 (19.7)   
  Distance to anal margin (cm)                                  0.848                                                0.737
   \<5                           24 (31.6)          25 (32.9)                                20 (26.3)   29 (38.2)   
   ≥5                            11 (14.5)          16 (21.0)                                11 (14.5)   16 (21.1)   
  Lymphovascular invasion                                       0.014                                                0.561
   Yes                           3 (3.9)            12 (15.8)                                9 (11.8)    6 (7.9)     
   No                            32 (42.1)          29 (38.2)                                22 (28.9)   39 (51.3)   
  Neural invasion                                               0.307                                                0.114
   Yes                           6 (7.9)            8 (10.5)                                 9 (11.8)    5 (6.6)     
   No                            29 (38.2)          33 (43.4)                                22 (28.9)   40 (52.6)   
  Tumor nodules                                                 0.930                                                0.375
   Yes                           5 (6.6)            11 (14.5)                                9 (11.8)    7 (9.2)     
   No                            30 (39.5)          30 (39.5)                                22 (28.9)   38 (50.0)   
  Mucinous adenocarcinoma                                       0.795                                                0.005
   Yes                           4 (5.3)            4 (5.3)                                  6 (7.9)     2 (2.6)     
   No                            31 (40.7)          37 (48.7)                                25 (32.9)   43 (56.6)   
  T stage                                                       0.047                                                0.049
   T2/3                          23 (30.3)          22 (28.9)                                15 (19.7)   30 (39.5)   
   T4                            12 (15.8)          19 (25.0)                                16 (21.1)   15 (19.7)   
  N stage                                                       0.318                                                0.715
   0                             13 (17.1)          15 (19.7)                                11 (14.5)   17 (22.4)   
   1/2                           22 (28.9)          26 (34.2)                                20 (26.3)   28 (36.8)   
  TRG                                                                                                                0.762
   1                                                                                         2 (2.6)     5 (6.6)     
   2--5                                                                                      29 (38.2)   40 (52.6)   
  Radiotherapy                                                                                                       0.371
   Short course                                                                              19 (25.0)   17 (22.4)   
   Long course                                                                               12 (15.8)   28 (36.8)   

**Note:** The analysis was conducted by bivariate logistic regression.

**Abbreviations:** NLR, neutrophil-to-lymphocyte ratio; nRT, neoadjuvant radiotherapy; TRG, tumor regression grade.

###### 

Correlation of clinicopathologic factors with overall survival

  Characteristics                Univariate   Multivariate                                          
  ------------------------------ ------------ ------------------- ------- -------- ---------------- -------
                                                                                                    
  NLR                                                                                               
   \<2.0/≥2.0                    5.039        1.125--22.573       0.035   7.707    1.300--45.709    0.025
  CD8+ T-cell (%)                                                                                   
   \<9/≥9                        0.322        0.106--0.977        0.045   0.088    0.012--0.665     0.018
  Gender                                                                                            
   Male/female                   0.280        0.063--1.255        0.096                             
  Age (years)                                                                                       
   \<60/≥60                      3.051        1.018--9.145        0.046   16.130   1.557--167.151   0.020
  Distance to anal margin (cm)                                                                      
   \<5/≥5                        1.960        0.687--5.595        0.209                             
  Lymphovascular invasion                                                                           
   Yes/no                        4.715        1.649--13.483       0.004   7.166    1.115--46.047    0.038
  Neural invasion                                                                                   
   Yes/no                        1.458        0.401--5.304        0.567                             
  Tumor nodules                                                                                     
   Yes/no                        1.591        0.489--5.175        0.440                             
  Mucinous adenocarcinoma                                                                           
   Yes/no                        4.348        1.345--14.056       0.014   0.673    0.071--6.380     0.730
  T stage                                                                                           
   2--3/4                        0.194        0.043--0.871        0.032   0.029    0.002--0.449     0.011
  N stage                                                                                           
   0/1/2                         1.693        0.528--5.433        0.376                             
  TRG                                                                                               
   1/2--5                        23.265       0.006--96,686.930   0.459                             
  Radiotherapy                                                                                      
   Short course/long course      0.529        0.176--1.590        0.257                             

**Note:** The analysis was conducted by the univariate and multivariate Cox regression.

**Abbreviations:** NLR, neutrophil-to-lymphocyte ratio; TRG, tumor regression grade.
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